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ABSTRACT 


Conventional methodology for electrical power generation is vulnerable due 
to environmental limitations and the availability of fuel. Distributed 
generation, offering virtuous benefits to the market partakers, is trending in 
electrical power system in modern era. This paper presents the distributed 
generation integration to grid with active power injection control. Distributed 


generation source delivers DC power which is processed through square 

wave inverter. Inverter circuit is controlled using a simple control technique 
Keywords: to match grid code. Fixing the current reference and varying the same, 
analysis is carried out for grid integration scheme of distributed generation 
injecting active power to grid. Simulation work is carried out and results are 
shown using MATLAB/SIMULINK software. 
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1. INTRODUCTION 

Majority of the electrical energy worldwide is generated bulk (about IMW to 1000MW) power 
plants and is delivered to consumers through electrical transmission and distribution systems. This type of 
power system is generally termed ‘centralized power system’. This electrical energy is generated from 
combustion fuels (like coal, natural gas or oil) or nuclear fuels [1]. The main constraints with the usage of 
conventional fuels are pollution and availability [2-3]. Conventional fuels are at extinct point now-a-days and 
cost more. Conventional power plants are a constraint these days as the world countries are focusing on 
issues regarding global warming. Distributed generation is a viable option to reduce pollution and also to 
address many technical issues regarding conventional power generation. Distributed generation is the 
generation at load side reducing the transmission losses considerably [4-8]. Generation of electrical energy 
from the source which are renewable in nature are called renewable energy sources like solar, wind etc. 
Distributed generation has penetrated in many of the European countries in the last few years. Power 
generation near or at the load points or at the point of use is termed as “Distributed generation” [9-16]. Many 
renewable sources like photo-voltaic system, small wind turbines are capable of generating electrical energy 
at distribution point [17-20]. Climatic change guidelines, advancements in technology and increase in 
prospects of customers led to increased usage of DGs. Figure 1 shows the scope of renewable sources. This 
paper presents the distributed generation integration to grid [21-26] with active power injection control. 
Distributed generation source delivers DC power which is processed through square wave inverter [27]. 
Inverter circuit is controlled using a simple control technique to match grid code. Fixing the current reference 
and varying the same, analysis is carried out for grid integration scheme of distributed generation injecting 
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active power to grid. Simulation work is carried out and results are shown using MATLAB/SIMULINK 
software. 





U.S. Consumption by Energy Source, 2017 


Total = 97.7 quadrillion Total = 11.0 quadrillion Btu 
British thermal units (Btu) 
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Petroleum 


Wind 21% 

Biomass Waste 4% 

Biofuels 21% Biomass 
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Note: Sum of components may not equal 100% because of independent rounding. 


Figure 1. Scope of renewable sources 


2. DISTRIBUTED GENERATION INTEGRATION TO GRID 

Distributed generation (DG) or distributed energy resources (DER) are the supplying reserves of 
electrical energy which are directly connected to the local distribution system. Many renewable sources like 
photo-voltaic system, small wind turbines are capable of generating electrical energy at distribution point. 
Distributed generation more often involve off-grid (also called as isolated) type or grid connected (non- 
isolated) mode operations. Off-grid distributed generation generally provides its (DG’s) self generated 
electricity to the end users and is isolated from the main electrical grid. On the other hand, grid connected 
distributed system is the local generating system connected to main grid. Distributed generation units can be 
combined to make a small grid and these small grids can be connected to large/centralized grid to stabilize 
the main grid. Figure 2 illustrates the Distributed Generation integration scheme to Grid. The output of 
Distributed energy resource (DER) is fed to DG inverter. DC power output from the DER is inverted to AC 
type using DG inverter. The quasi-square output from the DG inverter is further smoothened using 
interfacing inductors and supplies active power to grid. 
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Figure 2. Distributed Generation integration scheme to grid 


3. CONTROL STRATEGY FOR ACTIVE POWER INJECTION FROM DG TO GRID 

Control methodology for active power injection from DG to grid is shown in Figure 3. The control 
strategy to control the DG (square wave) inverter to inject active power to grid is a simple d-q theory. 
Initially, a phase sequence signal is extracted which is synchronized on zero crossings of fundamental phase 
from the three-phase source voltage (using a PLL block). Using inverse Parks transformation as in equation 
(1), the rotating frame time domain ‘d-q’ components are transformed to three-phase ‘abc’ reference frame. 
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Balanced system makes zero-component zero. The three-phase reference currents are compared with 
actual three-phase currents to generate pulses to square wave (DG) inverter switches. Complete schematic 
arrangement of DG integrated to grid with corresponding control circuit is represented diagrammatically in 
Figure 4. While integrating the system, the control unit generates the signals such that the DG inverter output 
parameters match the grid code. Table 1 illustrates the system parameters used for the simulation analysis. 
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Figure 4. Schematic arrangement of grid interfacing scheme of DG with control methodology 


Table 1. System Parameters 


Paramete Value 

DC Input Source 800V 

Interfacing Inductor 7.5mH 
Grid Parameters 440V, 50Hz 
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4. SIMULATION RESULTS AND ANALYSIS 
4.1. Active power injection from DG to grid with fixed current refrence 

Figure 5 shows the voltage induced to grid from DG. Three-phase voltages with magnitude 360V 
are induced to grid along with three-phase currents of magnitude 20A. The illustration of Three-phase 
currents is made in Figure 6. 
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Figure 5. Three-phase Voltages induced to grid 


Three-phase Currents to Grid in Amps 
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Figure 6. Three-phase currents induced to grid 


The phase angle difference between induced voltage and induced current is shown in Figure 7. The 
phase angle is observed almost zero making the power factor near to unity as demanded. Gain of current 
signal is increased for clear visualization. 


Power Factor angle between Y & I 














Figure 7. Power factor angle between induced voltage and current 


Figure 8 indicates the active power fed to grid from DG and Figure 9 illustrates the reactive power 
exchange between grid and DG system. Active power of 10.4 KW is induced to grid from DG system and 
reactive power exchange is zero. 
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Figure 8. Active power fed to grid from DG Figure 9. Reactive power fed to grid from DG 


In Figure 10 is shown the line voltage of 800V peak in each line of DG inverter. Whereas Figure 
11 shows phase voltages with peak 535V. 
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Figure 10. Line voltages of DG inverter 
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Figure 11. Phase voltages of DG inverter 


Figure 12 shows the harmonic analysis of induced current from DG to grid. Induced current consists 
of harmonic content with magnitude 4.68% (of fundamental) which is within the prescribed limit. 
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Figure 12. Harmonic analysis of induced current to grid 


4.2. Active power injection from DG to grid with variable current reference 

Figure 13 shows the voltage induced to grid from DG. Three-phase voltages with magnitude 360V 
are induced to grid along with three-phase currents. The variable current reference command is given at 
0.3sec. Current is fed to grid with magnitude 20A before change command, when the current reference signal 
is varied current peaks to 60A. The illustration of Three-phase currents is made in Figure 14. 
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Figure 13. Three-phase Voltages induced to grid 
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Figure 14. Three-phase currents induced to grid 
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The phase angle difference between induced voltage and induced current with variable current 
reference is shown in Figure 15. The phase angle is observed almost zero making power factor near to unity 
as demanded. Gain of current signal is increased for clear visualization. 





Power factor angle betwen Y & | 











Figure 15. Power factor angle between induced voltage and current 


Figure 16 indicates the active power fed to grid from DG and Figure 17 illustrates the reactive 
power exchange between grid and DG system with variable current reference. Active power of 15.65 KW is 
induced to grid from DG system before current reference is varied and after varying, 31.6 KW active power 
is fed to grid. Reactive power exchange is zero before and after variable current reference command. 
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Figure 16. Active power fed to grid from DG Figure 17. Reactive power fed to grid from DG 


Figure 18 shows the line voltage of 800V peak in each line of DG inverter. Figure 19 shows the 
phase voltages with peak 535V. 
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Figure 18. Line voltages of DG inverter 
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Figure 19. Phase voltages of DG inverter 


Figure 20 shows the harmonic analysis of 4.80 % in induced current from DG to grid before variable 
command. Figure 21 shows the harmonic analysis of 4.16 % in induced current from DG to grid after 
variable command. In both the cases, before and after variable command, harmonic content is within the 


prescribed limits. 
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— FFT analysis 


Fundamental (50Hz) = 29.08 , THD= 4.80% 
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Figure 20. THD in source current before variable 
command 


5. CONCLUSION 
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Figure 21. THD in source current after variable 
command 


Sufficient reserve power from the DGs is very essential to provide a secure system and to maintain 
the power balance between the source and demand. The power generated from the distributed generation 
using a distributed energy resource fed to grid is discussed in this paper. The system configuration of DG 
integration to grid and the respective control algorithm for DG inverter for active power control is illustrated 
in this paper. Simulation analysis is done with fixed and variable current reference and results prove that the 
system injects active power to grid in both the conditions. Reactive power exchange between the grid and the 
integration system is zero and thus power factor is maintained nearer to unity. Harmonics in injected current 
are also within the prescribed limit. The active power injection control methodology for DG inverter is 


simple and not complex. 
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